Purpose: This study sought to identify differences in clinical characteristics, outcomes, and treatments between adult and pediatric patients with the Ewing sarcoma family of tumors (ESFT).
similar histology, treatment, and outcome (2) . PNETs are overall uncommon neoplasms that are thought to have a similar stem cell of origin as Ewing sarcoma, and thus, the treatment and outcomes of both are thought to be correlated (2) . Both are also unified by the presence of the EWS-ETS fusion protein. However, although both Ewing sarcoma and PNET arise from neuroectoderm, PNET histopathologically display more developed cytological features of neural cells. Poor prognostic factors for ESFT include axial location, larger tumor size/volume, presence of metastatic disease, male gender, and older age (3) (4) (5) (6) (7) (8) .
The Ewing sarcoma family of tumors uncommonly occurs in adults, although the line that distinguishes the ages of adolescent children and adults is often blurred. Studies often define "adult" patients as 16 years or older, which may be inconsistent with other studies and/or provide a misrepresentation of the patient population (9) . Currently, there are no studies using populationbased databases that examine differential clinical factors between pediatric and adult cohorts. It is unlikely that prospective studies, or even comparatively large retrospective cohorts, would be able to accumulate large volumes of patients of adult ESFTs to permit robust conclusions.
Therefore, analyses of large population-based databases such as the Surveillance, Epidemiology, and End Results (SEER) database are valuable for these uncommon cases. The objective of this study was to compare clinical characteristics of pediatric (≤18 years) vs. adult (>18 years) ESFTs, impact of surgery and radiation therapy (RT) on both groups, and factors associated with overall survival (OS).
MaTerials anD MeThODs
To analyze large volumes of patients with ESFT, we utilized the SEER registry, which encompasses an estimated 28% of the US population, including minority populations (10). The patient population was assembled using the histology codes 9260, 9364, or 9365. A total of 1,870 patients from 1983 to 2013 were selected for analysis, 976 of which were pediatric cases (≤18 years) and 894 adult cases (>18 years). All the cases with missing data were included in efforts to avoid biases.
Between the two groups, demographic, tumor, and treatment characteristics were then collated and compared. Receipt of RT was coded as external-beam, radioactive implants, or radioisotopes; cancer-directed surgery referred to local tumor excision, amputation, or surgical therapy not otherwise specified. Both were similar to existing SEER publications in this tumor type (11, 12) . All statistical calculations were performed using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA), and p < 0.05 was considered statistically significant. The chi-square test was used to compare the differences in proportions for the baseline clinical characteristics between groups. Survival analysis was carried out using the Kaplan-Meier method, and distributions were compared using the log-rank test. For OS, events were defined as death from any cause. For cancer-specific survival (CSS), events were defined as death from cancer. Deaths from all other reasons and those alive at the time of analysis were censored. Univariate analysis was performed to identify factors associated with the primary endpoint, OS. Hazard ratios (HRs) and 95% confidence intervals (CIs) were calculated using Cox proportional hazards regression. To adjust for potential confounding variables, multivariate analysis was done. Only the variables positively associated with OS in the univariate analysis were elected for multivariable adjusted models (p ≤ 0.05 as a cutoff).
resUlTs
In the entire cohort (n = 1,870), median survival was 103 months (95% CI 78-145); 5-and 10-year OS were 55 and 49%, respectively. Median CSS was 143 months (95% CI 99-258); 5-and 10-year CSS were 57 and 51%, respectively. Table 1 displays clinical parameters of both pediatric (n = 976) and adult (n = 894) populations. In short, adult patients were more likely to present with distant metastasis (DM), soft tissue primary site, and PNET histology.
Adult patients with ESFT had a worse prognosis (5-year OS of 43% for adult vs. 66% for pediatrics, log-rank p < 0.001) ( Figure 1) . In both patient cohorts, surgery was associated with a large magnitude of OS improvement (Figure 2) . When stratified by receipt of surgery, adults had worse 5-year OS, both with (56 vs. 73%, log-rank p < 0.001) and without surgery (25 vs. 57%, logrank p < 0.001) (Figure 2 ). In patients without surgery, RT was associated with improved OS (Figure 3) . However, in patients who had surgery, RT failed to improve OS (Figure 3) . Table 2 displays univariate and multivariate analyses of factors associated with OS in the whole cohort. Adulthood conferred an independent association with worse OS on multivariate analysis. Other salient factors associated with OS were male gender, metastatic disease, non-extremity bone location, and PNET histology. Of note, receipt of RT was not correlated in itself or with respect to surgery. In addition, OS was increased with diagnosis/treatment in recent years compared to the past, likely owing to better techniques and therapies. When examining pediatric ( Table 3) and adult ( Table 4) patients separately with multivariate analysis of factors associated with OS, similar parameters were identified in both groups. Notably, gender was a factor in adult but not pediatric patients.
Because testing for the EWS/FLI translocation became available in the mid to late 1990s, we sought to further investigate the subset treated in the most recent decade (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) , during which the most modern paradigms of diagnosis and treatment were most likely to be utilized. Table 5 (analogous to Table 1 ) displays similar comparisons between pediatric and adult groups, although notably, receipt of RT was no longer statistically significant. When comparing survival in this cohort, there were similar conclusions (e.g., adults had poorer prognosis and surgery improved survival), with one exception. In the overall cohort of patients (Figure 4) , RT did not improve OS in adults and was associated with worse OS in pediatrics; the same was not true in the most modern subset ( Figure 5 ). There was no statistical difference in OS with or without RT in pediatric patients; moreover, adults receiving RT had such with a significant improvement in OS. Tables 6-8 (analogous to Tables 2-4) illustrate that RT was independently associated with OS in all patients as well as adult and pediatric subsets separately. Of note, this difference was observed only on multivariate analysis (non-significant on univariate analysis), potentially relating to interaction with factors that were significant on univariate but non-significant on multivariate analysis (e.g., some comparisons of primary site).
DiscUssiOn
Despite some small studies that have claimed no differences between the behavior of ESFTs in children and adults (2) , the use of a national database with large volumes determines that there are important differences. We determine clinical characteristics that are differentially associated with adult ESFT, describe which populations radiotherapy may benefit, and describe parameters associated with OS in ESFTs regardless of age.
Our results are similar to other data in that metastatic disease, treatment era, location, gender, and age are linked with OS (3-8). Although our study details characteristics of adult and pediatric subpopulations in a high-volume manner, work with smaller sample sizes has confirmed that prognosis in adults is poorer (13) . We demonstrate that receipt of surgery is of utmost importance, whereas RT was not associated with improved outcomes in the pediatric population. It is, however, likely that there are several other pieces of information that may explain these findings. First, the lack of chemotherapy information and time to treatment are major limitations of the SEER database, and some have posited that the higher doses of chemotherapy given to children as well as earlier treatment initiation may substantially impact outcomes (13) . Second, it is also likely that those patients receiving RT in any capacity may be a preselected population more likely to have poorer disease characteristics such as larger tumor size, unresectable location, and/or incomplete resection. As such, a proper comparison of both modalities remains undefined. Third, because adults were more likely to have metastatic disease and larger tumors, it is also likely that these tumors are clinically detected earlier in children than adults.
Additionally, it is compelling that the most recent subset (2004-2013) disputes many of the conclusions made in the general population of patients, indicating that perhaps modern treatment paradigms may select for RT patients in a better manner, together with improved surgical techniques and potentially even systemic therapy. Supporting these data is institutional work from the University of Toronto (13) analyzing 53 patients receiving VAC-IE chemotherapy. The goal of the study is to compare outcomes between pediatric (n = 29, defined as <18 years) and adult (n = 24, ≥18 years) cohorts. Adult patients, who experienced worse OS, tended to receive lower doses of IE chemotherapy and received local therapy at a later time point than pediatric counterparts; the latter independently predicted for OS on multivariate analysis. Hence, although the authors concluded that adults have poorer OS than children, the report served to show that other factors not assessed by the majority of this and similar studies (e.g., time to local therapy) could be novel prognostic factors for survival. FigUre 3 | Overall survival in pediatric and adult patients with and without surgery as stratified by receipt of radiotherapy. Green line denotes surgery alone; blue line surgery and radiotherapy; red line radiotherapy alone; brown line neither surgery nor radiotherapy. (Continued) Overall, prognostic factors in adults and children seem to be a difficult issue to address (3, 6) . In adults, these included metastasis at diagnosis and pelvic primary tumor. In children, stage independently predicted survival; larger tumors and disease at axial locations were more likely to present with metastatic disease. Thus, although mirrored well by this study in context of other data, in none of these studies has causation been implied; likely, there are an interconnected set of factors that collectively lead to poor prognosis.
There are several limitations of our analysis. In addition to the inherently retrospective nature of SEER studies as well as individualized follow-up, it must be once again prominently mentioned that causation can neither be stated nor implied with these data, especially regarding treatment interventions and survival. The SEER database also does not allow for information regarding chemotherapy, surgical margins, pathological confirmation (e.g., identifying whether a few tumors were indeed low-grade Ewing sarcomas, which would be exceedingly rare), and radiation doses. In addition, the missing values for several parameters in Table 1 prevent robust conclusions even though the groups may differ based on statistical tests (likely owing to the number of unknown values). In addition, selection bias for any patient receiving surgery (or extent of surgery) can never be ruled out, as mentioned above. Moreover, confounding items such as era of treatment (especially since newer paradigms independently correlate with increased OS) are a necessary limitation that must be accepted to accumulate sufficient sample sizes. Even the inclusion of patients treated a decade ago likely encompasses a cohort with worse OS than those treated in the present decade. The diagnosis of Ewing sarcoma based on EWS/FLI translocation becoming available in the mid-1990s may also be a confounder, but to assure high volumes of patients concordant with prior studies, a facet unique to the SEER database, we opted to include all treatment eras (7, 11, 12) . Going forward, it must be recognized that there are age-based subgroups of adult and pediatric cohorts that may offer further elucidation. For instance, the majority of the adult cohort in this study was predictably skewed toward younger patients, with few who were of middle and advanced age. The role of various treatment paradigms in these subgroups is uncertain. Similarly, the infant (<12 months) subgroup has been studied as another example, determining a potential increase in early death but similar OS (14) . In addition, studying a large-volume cohort of ESFTs treated in the present decade using the most modern surgical techniques, chemotherapy regimens, and radiotherapy technologies [including proton beam therapy (15, 16) ] is of great necessity to determine that the results presented herein are accurate and representative of modern treatment paradigms.
cOnclUsiOn
In our high-volume comparison of pediatric vs. adult ESFT patients, adult patients had a poorer prognosis and were more likely to present with PNET histology, along with DM and soft tissue primary site. When adjusting for potential confounders on multivariate analysis, adult patients were independently associated with worse OS, along with male gender, metastatic disease, non-extremity bone location, treatment era, and PNET histology.
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